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Abstract: In the present study, the effects of indole-3-butyric acid (IBA) separately and simultaneously with L-arginine on the
morphogenic and biochemical responses in the cherry rootstocks CAB-6P (Prunus cerasus L.) and Gisela 6 (Prunus cerasus × Prunus
canescens) were investigated. In the CAB-6P rootstock, the best root number and root length results were obtained with 2 mg L–1 IBA
plus 0.5 mg L–1 L-arginine and 1 mg L–1 IBA plus 1 mg L–1 L-arginine, respectively. The rooting percentage was highest (100%) with
2 mg L–1 IBA alone or combined with 1 mg L–1 L-arginine. In the Gisela 6 explants, 2 mg L–1 IBA without L-arginine significantly
enhanced root number (9.27) and root fresh and dry weight, as well as rooting percentage (100%). Root length was longest (38 mm)
in the combination of the lowest IBA (0.5 mg L–1) and highest L-arginine (2 mg L–1) concentrations. Thus, L-arginine promotes the
positive effect of IBA on rooting with regard to both root number and root length in both cherry rootstocks. In the CAB-6P explants,
L-arginine combined with IBA had an inhibitory effect on leaf chlorophyll content, whereas in the Gisela 6 rootstock it had absolutely no
effect. In the CAB-6P rootstock, depleted levels of proline in roots were observed, showing the osmoregulation and osmotic adjustment
mechanisms. The carbohydrate concentration in leaves was greatest with 0.5 mg L–1 IBA plus 0.5 mg L–1 L-arginine, and in roots with
2 mg L–1 IBA plus 0.5 mg L–1 L-arginine. In the Gisela 6 explants, IBA (1 and 2 mg L–1) applied both alone and along with L-arginine,
as well as the combination of the lowest IBA (0.5 mg L–1) and the highest L-arginine (2 mg L–1) concentrations, considerably increased
leaf carbohydrate concentration compared to the control. In roots, carbohydrate concentration was maximum with 2 mg L–1 IBA plus
0.5 mg L–1 L-arginine. The elevated levels of proline in roots with 1 mg L–1 IBA plus 0.5 mg L–1 L-arginine indicate stressful conditions.
Key words: Amino acids, auxins, carbohydrates, plant tissue culture, proline, rooting

1. Introduction
CAB-6P (P. cerasus L.) is a rootstock for cherry trees.
All cherry cultivars grafted on this rootstock present less
vigor (–30%), earlier cropping, better fruit quality and
color, and higher yield efficiency in comparison to those
grafted on seedlings. Gisela 6 (P. cerasus × P. canescens) is
less demanding than Gisela 5 and tolerates soils of poorer
quality and less water supply and cultural management.
The vigor of this rootstock is between that of Gisela 5 and
Prunus avium (Dimassi-Theriou and Therios, 2006).
Amino acids can induce rhizogenesis. In shoot tips of
Torenia fournieri grown in vitro, the amino acids glutamic
acid, aspartic acid, alanine, glutamine, proline, serine, and
arginine induced rooting of the explants in the presence
of naphthalene acetic acid (Kamada and Harada, 1979).
Furthermore, proline (10–200 mg L–1) increased rooting
percentage and number of roots per rooted explant of
sweet cherry (Prunus avium L.) and sour cherry (Prunus
cerasus L.); however, the root length was reduced (Baraldi
et al., 1988).
* Correspondence: vsarropo@agro.auth.gr
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The different nitrogen forms and their proportions
may influence cell division, growth and development
of somatic embryos, chlorophyll content, ribulose-1,5bisphosphate carboxylase/oxygenase activity, electron
transport rate, photosynthetic rate, fresh mass, soluble
protein concentration, and osmotic pressure of the cell
sap in various in vitro cultures (Mashayekhi-Nezamabadi,
2000). Numerous reports specify that reduced nitrogen
forms, particularly amides and amino acids, can improve
cell proliferation as well as regeneration in specific
genotypes (Vasudevan et al., 2004).
In addition to serving as an important nitrogen reserve,
L-arginine participates in various physiological processes
in plants. Nitric oxide (NO) in plants, as in animals, is
synthesized via a nitric oxide synthase (NOS) pathway,
while polyamines (PAs) are synthesized via an arginine
decarboxylase (ADC) and/or ornithine decarboxylase
(ODC) pathway in arginine metabolism. As both PAs
and NO are multifunctional molecules involved in plant
development and stress response, it is possible to conclude
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that the unique physiological roles of L-arginine in plants
might be associated with the coordinated biosynthesis of
both PAs and NO via arginine metabolism. ADC, NOS, and
arginase are the 3 key enzymes in arginine metabolism in
plants. NO is synthesized through an NOS pathway, while
PAs are synthesized through an ADC and/or arginase–
ODC pathway (Gao et al., 2009). L-arginine, a basic amino
acid with a high N/C ratio (4 nitrogen and 6 carbon atoms
per molecule), serves as an important nitrogen reserve in
apple (Cantón et al., 2005). Additionally, L-arginine has
some unique physiological roles compared to other amino
acids, participating in various physiological processes. For
example, both endogenous and exogenous arginine were
reported to be implicated in plant stress response (Chen
et al., 2004).
Very few investigations have been carried out
concerning the effects of various growth regulators and
amino acids, alone or in combination, on in vitro cherry
rooting. There is a scarcity of reported work regarding
the effects of growth regulators and other additives in the
culture medium on in vitro rooting of the cherry rootstocks
CAB-6P and Gisela 6, which are 2 valuable rootstocks.
The aim of the present study was to study the possible
effects of L-arginine on rooting; total leaf chlorophyll (a
+ b) concentration, which is related to explant growth;
and total carbohydrate and proline concentration in
both leaves and roots, which is related to these 2 cherry
rootstocks’ tolerance to stress. The parameters for
evaluation included the effects of the above amino acid on
the rooting percentage, root number per rooted explant,
root length, root fresh and dry weight, total chlorophyll (a
+ b) concentration, carbohydrates, and proline.
2. Materials and methods
2.1. Plant material and culture conditions
The effect of the amino acid L-arginine was studied in in
vitro experiments employing the cherry rootstocks CAB6P (P. cerasus L.) and Gisela 6 (P. cerasus × P. canescens). The
experiment included the amino acid L-arginine applied at
3 concentrations (0.5, 1.0, and 2.0 mg L–1) in combination
with 3 indole-3-butyric acid (IBA) concentrations (0.5,
1.0, and 2 mg L–1) and the control treatment (minus IBA
and L-arginine). Regarding the plant material, shoot tip
explants from previous in vitro cultures of 1.5–2.5 cm in
length were used. The initial material was certified as virusfree. The explants were grown in glass tubes with a flat base
of 25 × 100 mm containing 10 mL of Murashige and Skoog
medium (Murashige and Skoog, 1962). The nutrient
medium also contained 30 g L–1 sucrose, 6 g L–1 agar (Bacto
Agar), and all macronutrient, micronutrients, vitamins, and
amino acids as suggested. The pH of the culture medium
was adjusted to 5.8 before adding agar and sterilized by
autoclaving at 121 °C for 20 min. In each tube, one explant
was transferred aseptically, and the tubes were closed with

aluminum foil. All the cultures were incubated in a growth
room under controlled environmental conditions with a
light intensity of 150 µmol m–2 s–1 provided by cool white
fluorescent lamps (36 W, Philips), with a photoperiod of 16
h at 22 ± 1 °C. We recorded data on root number per rooted
explant, root length, root fresh and dry weight, percentage
of rooting, total leaf chlorophyll (a + b) concentration,
and carbohydrate and proline concentration in leaves
and roots 7 weeks after transferring the explants to the
rooting medium to obtain full response. For the CAB-6P
rootstock, different biochemical analyses were conducted
regarding the content of the roots on total flavonoids and
phenols. For these analyses, frozen plant material was
needed. For this reason, no data were obtained regarding
the root fresh and dry weight of CAB-6P explants. In the
present manuscript, there is no report about the effect of
IBA alone or together with L-arginine on total flavonoid
and phenol content of these roots because no significant
statistical differences were found among treatments.
2.2. Total chlorophyll measurement
For chlorophyll extraction, 0.1 g of frozen leaves was
placed in 25-mL glass test tubes and 15 mL of 96% (v/v)
ethanol was added to each tube. The tubes with the plant
material were incubated in a water bath at a temperature
of 79.8 °C until complete discoloration of samples after 4 h.
Chlorophyll a and b absorbance was measured at 665 and
649 nm, respectively, in a visible spectrophotometer. Total
chlorophyll concentration was determined according
to Wintermans and De Mots (1965) from the following
equations:
chl(a + b) = (6.10 × A665 + 20.04 × A649) × 15/1000/FW
(mg g–1 FW),
chl(a + b) = (6.10 × A665 + 20.04 × A649) × 15/1000/DW
(mg g–1 DW).
2.3. Proline determination
Leaf or root frozen tissue (0.1 g) was chopped into small
pieces and placed in glass test tubes of 25 mL. In each tube,
10 mL of 80% (v/v) ethanol was added and this mixture
was placed in a water bath of 60 °C for 30 min (Khan et
al. 2000). The tubes were covered with aluminum foil to
reduce evaporation. The extracts were filtered and 80%
(v/v) ethanol was added until the total volume (ethanol
extract) was 15 mL. After extraction, the aluminum foil
was removed and the tubes were allowed to cool at room
temperature. In each tube, 4 mL of toluene was added
and mixed well with a vortex. Two layers were visible in
each tube. The supernatant (toluene layer) was removed
with a Pasteur pipette and was placed in a glass cuvette.
The optical density of the extract was measured at 518 nm.
The extract was filtered with Whatman No. 1 filter paper
and free proline was measured (Troll and Lindsley, 1955)
with acid ninhydrin solution. Proline concentrations were
calculated from a standard curve using L-proline (Sigma
Chemical Company) at 0–0.20 mM concentrations.
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2.4. Carbohydrate determination
We conducted carbohydrate determination of plant
tissue using the anthrone method (Plummer, 1987). For
reagent preparation, 1 g of anthrone was diluted with
500 mL concentrated sulfuric acid (96%). The extract
(plant ethanolic extract) for carbohydrate determination
was the same as that used for proline, with the only
difference being that the plant ethanol extract was diluted
10 times with 80% (v/v) ethanol. In each test tube, 2 mL
of anthrone reagent was placed and maintained in an ice
bath. Subsequently, the diluted extract (10% of the initial)
was added dropwise in contact with the test tube walls, in
order to avoid blackening of the samples. After shaking the
tubes with a vortex, the samples were incubated in a water
bath of 95 °C for 15 min. Afterwards, the tubes were placed
in a cold water bath for cooling, and optical density was
measured at 625 nm. Carbohydrate concentrations were
calculated from a standard curve by using 0–0.2 M sucrose
concentrations.

2.5. Statistical analysis
The experimental layout was completely randomized and
the data were analyzed with ANOVA using SPSS 17.0 (SPSS
Inc., Chicago, IL, USA). The experiment was repeated twice
and consisted of 10 treatments, where each value was the
mean of 10 replicates regarding the rooting characteristics
and biochemical measurements. The reported data are
the means of the 2 experiments. To compare the means,
Duncan’s multiple range test and standard error (SE) were
used at P ≤ 0.05 to establish significant differences among
the treatments.
3. Results
3.1. Effect of L-arginine on in vitro rooting of the CAB6P rootstock
The lowest root length and rooting percentage were
observed in the control treatment (Figure 1A; Table 1). The
root length was maximum (21.48 mm) with the combined
effect of IBA (1 mg L–1) and L-arginine (1 mg L–1) (Figure

Figure 1. Effects of IBA with or without L-arginine on in vitro rooting. Rootstock CAB-6P: A) Control treatment, i.e.
absence of IBA and L-arginine; B) maximum root length with 1 mg L–1 IBA plus 1 mg L–1 L-arginine; C) increase of root
number with 2 mg L–1 IBA alone and simultaneously with L-arginine. Rootstock Gisela 6: D) Control treatment; E)
maximum root length in the combination of the lowest IBA (0.5 mg L–1) and the highest L-arginine concentration (2 mg
L–1); F) increased root number with L-arginine plus 2 mg L–1 IBA.
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Table 1. Effect of IBA separately and in combination with L-arginine (arg) on mean root number per
rooted explant, mean root length, and rooting percentage in the cherry rootstock CAB-6P.
Treatments
(mg L–1 )

Root number/
rooted explant

Control

2.00 ± 0.25 ab

7.50 ± 0.15 a

12.50 a

0.5 IBA + 0.5 arg

2.80 ± 0.43 ab

14.90 ± 0.78 bcd

50.00 e

0.5 IBA + 1.0 arg

1.67 ± 0.09 a

10.69 ± 1.30 ab

30.00 b

0.5 IBA + 2.0 arg

4.14 ± 0.84 bc

20.49 ± 4.62 de

70.00 g

1 IBA + 0 arg

5.33 ± 0.91 cd

14.08 ± 1.97 bc

66.67 f

1 IBA + 0.5 arg

6.00 ± 0.70 cde

18.35 ± 2.49 cde

44.44 d

1IBA + 1.0 arg

7.25 ± 0.46 de

21.48 ± 1.44 e

50.00 e

2 IBA +0 arg

6.00 ± 1.48 cde

11.17 ± 1.27 ab

100 h

2 IBA + 0.5 arg

11.00 ± 0.65 f

13.42 ± 0.82 abc

42.85 c

2 IBA + 1.0 arg

8.14 ± 1.22 e

12.52 ± 1.18 abc

100 h

Root length
(mm)

Rooting
percentage

P-values (2-way ANOVA)
ΙΒΑ

*** (<0.001)

*** (<0.001)

*** (<0.001)

Arg

0.001***

0.003** (<0.01)

*** (<0.001)

ΙBA × Arg

0.03* (<0.05)

0.20 ns

*** (<0.001)

ns: P ≥ 0.05, *: P ≤ 0.05, **: P ≤ 0.01, ***: P ≤ 0.001.
Treatments denoted by the same letter are not significantly different according to Duncan’s multiple
range test at P ≤ 0.05 ± SE (n = 10).

1B). With this treatment, root elongation was greater by
13.98 mm compared to the control. The maximum root
number per rooted explant (11) was recorded with the
combination of ΙΒΑ (2 mg L–1) and L-arginine (0.5 mg L–1)
(Figure 1C), differing significantly from the control. In
this treatment, the root number was increased by 5.5 times
compared to the control. The addition of IBA (2 mg L–1) in
the culture medium without L-arginine and the combined
effect of IBA (2 mg L–1) with L-arginine (1 mg L–1) resulted
in the greatest rhizogenic capacity of the explants (100%).
Additionally, the rooting percentage in these treatments
was 8 times greater than that of the control, which was
only 12.5%. In the absence of L-arginine from the culture
medium, the increase of IBA concentration from 1 to 2
mg L–1 significantly increased the rooting percentage, from
66.67% to 100%, whereas it did not substantially alter root
number or length.
3.2. Effect of L-arginine on in vitro rooting of the Gisela
6 rootstock
In the control plants, i.e. in the absence of both IBA and
L-arginine, there was no rhizogenesis (Figure 1D; Table
2). The root length (38 mm) was maximum with the
combination of the lowest IBA (0.5 mg L–1) and the highest

L-arginine (2 mg L–1) concentrations (Figure 1E), differing
substantially from the control. The root number per rooted
explant was maximum (9.00–9.27) in the treatment with
the highest IBA concentration (2 mg L–1) either separately
or in combination with L-arginine, irrespective of its
concentration (Figure 1F). The best results in terms of root
fresh and dry weight occurred with 2 mg L–1 IBA alone.
The explants showed the greatest rhizogenic capacity
(100%) with the combination of 1 mg L–1 IBA and 0.5 mg
L–1 L-arginine and with the treatments where IBA (2 mg
L–1) was applied alone or simultaneously with L-arginine,
irrespective of its concentration.
3.3. Effect of L-arginine on leaf chlorophyll, total
carbohydrate, and endogenous proline content of the
CAB-6P rootstock
The leaf chlorophyll content significantly increased with
the addition of IBA, regardless of its concentration,
without L-arginine, as compared to the control (Table 3).
More specifically, the leaf chlorophyll content increased
from 15.117 mg g–1 dry weight to 25.321–26.874 mg g–1
dry weight. The combined effect of IBA and L-arginine
induced similar results to those of the control. Conversely,
the results differed when leaf chlorophyll content was
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Table 2. Effect of IBA separately and in combination with L-arginine (arg) on mean root number per rooted explant,
mean root length, mean root fresh and dry weight (g), and rooting percentage in the cherry rootstock Gisela 6.
Treatments
(mg L–1)

Root number/
rooted explant

Root length
(mm)

Root fresh
weight (g)

Root dry
weight (g)

Rooting
percentage

Control

-

-

-

-

-

0.5 IBA + 0.5 arg

3.00 ± 0.13 ab

24.89 ± 0.26 b

0.028 ± 0.001 a

0.006 ± 0.001 a

20 b

0.5 IBA + 1.0 arg

3.00 ± 0.33 ab

25.28 ± 2.91 b

0.032 ± 0.002 a

0.004 ± 0.001 a

60 c

0.5 IBA + 2.0 arg

2.00 ± 0.25 a

38.00 ± 1.50 c

0.133 ± 0.035 c

0.017 ± 0.001 c

10 a

1 IBA + 0 arg

5.22 ± 0.93 bc

17.87 ± 2.19 a

0.117 ± 0.006 bc

0.012 ± 0.001 b

90 d

1 IBA + 0.5 arg

4.45 ± 0.62 abc

17.58 ± 1.92 a

0.064 ± 0.004 ab

0.007 ± 0.001 a

100 e

1IBA + 1.0 arg

6.22 ± 0.80 c

17.17 ± 1.26 a

0.119 ± 0.013 bc

0.012 ± 0.001 b

90 d

2 IBA + 0 arg

9.27 ± 1.14 d

12.97 ± 1.41 a

0.037 ± 0.003 e

100 e

2 IBA + 0.5 arg

9.00 ± 1.58 d

14.95 ± 2.08 a

0.012 ± 0.001 b

100 e

2 IBA + 1.0 arg

9.10 ± 1.32 d

12.47 ± 1.43 a

0.342 ± 0.027 d

0.027 ± 0.002 d

100 e

0.523 ± 0.045 e
0.100 ± 0.003 bc

P-values (2-way ANOVA)
ΙΒΑ

*** (<0.001)

*** (<0.001)

*** (<0.001)

*** (<0.001)

*** (<0.001)

Arg

0.69 ns

*** (<0.001)

*** (<0.001)

*** (<0.001)

*** (<0.001)

ΙBA × Arg

0.75 ns

0.82 ns

*** (<0.001)

*** (<0.001)

*** (<0.001)

ns: P ≥ 0.05, ***: P ≤ 0.001.
Treatments denoted by the same letter are not significantly different according to Duncan’s multiple range test at P ≤
0.05 ± SE (n = 10).
Table 3. Effect of IBA separately and in combination with L-arginine (arg) on total leaf chlorophyll (a + b) concentration
(mg g–1 FW and mg g–1 DW) in the cherry rootstocks CAB-6P and Gisela 6, respectively.
Rootstock

CAB-6P

Gisela 6

Treatments
(mg L–1)

chl(a + b)
mg g–1 FW

chl(a + b)
mg g–1 DW

chl(a + b)
mg g–1 FW

chl(a + b)
mg g–1 DW

Control

3.334 ± 0.441 b

15.117 ± 2.078 a

0.995 ± 0.520 a

13.706 ± 8.399 a

0.5 IBA + 0.5 arg

1.627 ± 0.061 a

15.254 ± 0.276 a

1.045 ± 0.237 a

14.527 ± 2.835 a

0.5 IBA + 1.0 arg

1.120 ± 0.013 a

11.536 ± 1.487 a

0.751 ± 0.047 a

13.537 ± 3.606 a

0.5 IBA + 2.0 arg

1.542 ± 0.098 a

16.193 ± 2.769 a

0.666 ± 0.168 a

11.505 ± 3.385 a

1 IBA + 0 arg

4.113 ± 0.634 b

25.321 ± 3.803 b

1.747 ± 0.725 a

19.631 ± 9.595 a

1 IBA + 0.5 arg

1.188 ± 0.272 a

13.967 ± 0.903 a

1.598 ± 0.364 a

22.475 ± 6.703 a

1IBA + 1.0 arg

0.933 ± 0.255 a

13.332 ± 0.855 a

1.968 ± 0.728 a

24.998 ± 7.241 a

2 IBA + 0 arg

3.213 ± 0.424 b

26.874 ± 2.744 b

1.989 ± 0.424 a

25.294 ± 2.867 a

2 IBA + 0.5 arg

1.582 ± 0.085 a

10.549 ± 1.125 a

1.598 ± 0.319 a

15.005 ± 3.023 a

2 IBA + 1.0 arg

1.007 ± 0.052 a

12.151 ± 1.602 a

1.404 ± 0.449 a

14.039 ± 4.486 a

P-values (2-way ANOVA)
ΙΒΑ

0.63 ns

0.002**

0.14 ns

0.36 ns

Arg

*** (<0.001)

*** (<0.001)

0.91 ns

0.90 ns

ΙBA × Arg

0.19 ns

0.41 ns

0.78 ns

0.52 ns

ns: P ≥ 0.05, **: P ≤ 0.01, ***: P ≤ 0.001.
Treatments denoted by the same letter are not significantly different according to Duncan’s multiple range test at P ≤
0.05 ± SE (n = 10).
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expressed as mg g–1 fresh weight. The application of IBA
without L-arginine did not substantially alter the leaf
chlorophyll content compared to the control, whereas
their simultaneous incorporation into the medium was
inhibitory.
The total leaf carbohydrate content was significantly
amplified compared to the control in the combination
of the lowest concentration of both IBA and L-arginine
(0.5 mg L–1) (Table 4). The application of IBA alone and
simultaneously with L-arginine did not meaningfully
alter the endogenous leaf proline concentration. However,
a substantial decrement was observed in the following
treatments: IBA (0.5 mg L–1) plus L-arginine (2 mg L–1),
and IBA (2 mg L–1) plus L-arginine (1 mg L–1). In roots,
the total carbohydrate content considerably increased
in comparison to the control in the combination of the
highest IBA (2 mg L–1) and the lowest L-arginine (0.5 mg
L–1) concentrations. Moreover, the application of IBA alone
and simultaneously with L-arginine significantly reduced
the endogenous proline content in roots compared to the
control.

3.4. Effect of L-arginine on leaf chlorophyll, total
carbohydrate, and endogenous proline content of the
Gisela 6 rootstock
There were no statistically significant differences among the
treatments in terms of leaf chlorophyll content (Table 3).
The inclusion of IBA (1 and 2 mg L–1) in the culture
medium either alone or simultaneously with L-arginine
significantly increased the total leaf carbohydrate
concentration compared to the control (Table 5). Increase
of the leaf carbohydrate concentration was observed in the
combination of the highest IBA (2 mg L–1) and the lowest
L-arginine concentration (0.5 mg L–1). The endogenous
leaf proline content was not affected significantly by the
application of IBA separately or simultaneously with
L-arginine. Exceptions were the treatments with IBA (1
mg L–1) plus L-arginine (0.5 mg L–1) and IBA (2 mg L–1)
without L-arginine, in which there was a reduction in
leaf proline concentration. In roots, the incorporation of
IBA (1 and 2 mg L–1) separately and in combination with
L-arginine significantly increased the total carbohydrate
concentration compared to 0.5 mg L–1 IBA plus L-arginine.

Table 4. Effect of IBA separately and in combination with L-arginine (arg) on total carbohydrate and endogenous
proline concentrations in leaves and roots of the cherry rootstock CAB-6P.
Leaves
Treatments
(mg L–1)

Carbohydrates
(μmol g–1 FW)

Roots
Proline
(μmol g–1 FW)

Carbohydrates
(μmol g–1 FW)

Proline
(μmol g–1 FW)

Control

36.938 ± 1.415 abc

3.209 ± 0.266 c

36.444 ± 11.675 a

6.543 ± 2.242 b

0.5 IBA + 0.5 arg

48.122 ± 6.002 d

3.110 ± 0.324 bc

47.573 ± 15.632 ab

1.403 ± 0.025 a

0.5 IBA + 1.0 arg

43.082 ± 0.298 cd

2.412 ± 0.164 abc

-

-w

0.5 IBA + 2.0 arg

37.776 ± 3.321 abcd

2.145 ± 0.215 ab

37.895 ± 5.012 ab

1.380 ± 0.016 a

1 IBA + 0 arg

36.709 ± 1.730 abc

2.745 ± 0.017 abc

32.773 ± 7.027 a

1.492 ± 0.102 a

1 IBA + 0.5 arg

32.724 ± 3.909 abc

2.380 ± 0.030 abc

36.468 ± 5.807 a

1.557 ± 0.036 a

1IBA + 1.0 arg

28.992 ± 2.625 a

2.419 ± 0.170 abc

52.246 ± 2.929 ab

1.522 ± 0.056 a

2 IBA + 0 arg

40.567 ± 2.591 bcd

3.006 ± 0.756 abc

39.303 ± 4.572 ab

1.504 ± 0.083 a

2 IBA + 0.5 arg

39.671 ± 1.770 abcd

2.302 ± 0.099 abc

56.997 ± 5.334 b

1.882 ± 0.092 a

2 IBA + 1.0 arg

30.255 ± 4.913 ab

2.112 ± 0.085 a

47.769 ± 2.697 ab

1.705 ± 0.020 a

w

P-values (2-way ANOVA)
ΙΒΑ

0.002** (<0.01)

0.28 ns

0.50 ns

*** (<0.001)

Arg

0.02* (<0.05)

0.048* (<0.05)

0.09 ns

0.99 ns

ΙBA × Arg

0.84 ns

0.50 ns

0.13 ns

0.98 ns

ns: P ≥ 0.05, *: P ≤ 0.05, **: P ≤ 0.01, ***: P ≤ 0.001.
: Omission of biochemical analysis in roots due to reduced availability of plant material.
Treatments denoted by the same letter are not significantly different according to Duncan’s multiple range test at P ≤
0.05 ± SE (n = 10).
w
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Table 5. Effect of IBA separately and in combination with L-arginine (arg) on total carbohydrate and endogenous
proline concentrations in leaves and roots of the cherry rootstock Gisela 6.
Leaves
Treatments
(mg L–1)
Control

Carbohydrates
(μmol g–1 FW)

Roots
Proline
(μmol g–1 FW)

Carbohydrates
(μmol g–1 FW)
-w

Proline
(μmol g–1 FW)
-

9.879 ± 1.379 a

2.755 ± 0.338 b

0.5 IBA + 0.5 arg

13.150 ± 4.067 ab

2.095 ± 0.346 ab

-

0.5 IBA + 1.0 arg

6.868 ± 1.886 a

2.356 ± 0.345 ab

14.082 ± 1.115 a

1.563 ± 0.094 a

0.5 IBA + 2.0 arg

25.393 ± 1.612 cd

2.228 ± 0.064 ab

-

w

-w

1 IBA + 0 arg

24.490 ± 2.063 cd

2.132 ± 0.103 ab

38.834 ± 4.250 b

1.740 ± 0.075 a

1 IBA + 0.5 arg

20.556 ± 5.388 bc

1.999 ± 0.053 a

50.740 ± 1.659 c

2.874 ± 0.409 b

1IBA + 1.0 arg

22.724 ± 1.703 bcd

2.434 ± 0.121 ab

61.337 ± 6.045 cd

1.274 ± 0.036 a

2 IBA + 0 arg

32.057 ± 4.207 d

2.077 ± 0.054 a

36.683 ± 4.827 b

1.557 ± 0.092 a

2 IBA + 0.5 arg

61.661 ± 4.015 e

2.343 ± 0.058 ab

63.018 ± 4.702 d

1.764 ± 0.063 a

2 IBA + 1.0 arg

21.439 ± 4.301 bcd

2.283 ± 0.083 ab

27.631 ± 1.778 b

1.539 ± 0.147 a

-

P-values (2-way ANOVA)
ΙΒΑ

*** (<0.001)

0.097 ns

*** (<0.001)

0.066 ns

Arg

*** (<0.001)

0.483 ns

*** (<0.001)

*** (<0.001)

ΙBA × Arg

*** (<0.001)

0.627 ns

*** (<0.001)

0.004** (<0.01)

ns: P ≥ 0.05, **: P ≤ 0.01, ***: P ≤ 0.001.
w:
Omission of biochemical analysis in roots due to reduced availability of plant material.
Treatments denoted by the same letter are not significantly different according to Duncan’s multiple range test at P ≤
0.05 ± SE (n = 10).

The integration of low L-arginine concentration (0.5 mg
L–1) in the medium containing 1 mg L–1 IBA considerably
increased the endogenous proline content in roots, as it
nearly doubled its concentration compared to the other
treatments.
4. Discussion
In this study, it was found that the concentration of
L-arginine and IBA interact, affecting rhizogenesis in
vitro in different ways. To be more specific, L-arginine and
IBA concentrations exert different effects in the rooting
characteristics and in various biochemical measurements.
The 2 cherry rootstocks under study, CAB-6P and Gisela
6, had different responses regarding the in vitro rooting
and biochemical parameters because of their different
genotypes.
In the CAB-6P rootstock, the incorporation of 0.5
mg L–1 L-arginine in the culture medium containing
2 mg L–1 IBA had a beneficial effect on root number
but an inhibitory effect on rooting percentage. The

application of 1 mg L–1 L-arginine combined with 1 mg
L–1 IBA significantly promoted root length. Similarly,
in chokeberries (Aronia melanocarpa Elliot) of the
Nero variety and in the Galicjanka hybrid, 100 and 200
mg L–1 L-arginine had positive effects on rhizogenesis
regarding root number. Moreover, L-arginine, regardless
of concentration, in the Nero variety and at 200 mg L–1 in
the clonal hybrid Galicjanka significantly promoted root
elongation (Litwińczuk, 2002). In the CAB-6P explants,
the additional application of 1 mg L–1 L-arginine to the
culture medium containing 2 mg L–1 IBA gave the same
maximum rooting percentage (100%) compared to 2 mg
L–1 IBA alone, showing that only IBA and not L-arginine
provoked this response. This agrees with the findings
of Chriqui et al. (1986), who found that exogenous
L-arginine with or without indole-3-acetic acid (IAA)
did not promote further root formation in carrot leaves
(Datura innoxia Mill) compared to the individual effect of
IAA, due to reduced activity of the enzyme ADC during
root induction. In the Gisela 6 rootstock, there was no
synergistic relationship between L-arginine and IBA
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concentration concerning rhizogenesis, except for the root
length. Similar results were recorded in tobacco leaves,
where the addition of L-arginine (absence of IAA) did not
induce rooting (Chriqui, 1985).
The increase in root number per rooted explant in
the CAB-6P rootstock could be ascribed to the efficient
use of L-arginine as an N source. Furthermore, protein
synthesis from L-arginine is more efficient and needs less
energy consumption in comparison to inorganic N. It is
evident that the increased needs for N due to promotion
of metabolism, when auxin was added, could be easily
covered in the culture medium by the supplied L-arginine
(Orlikowska, 1992). The decrease in rooting percentage
of the CAB-6P explants could be ascribed to reduced cell
division. Another explanation could be the low activity
of ADC in the meristematic zone and the low rate of
L-arginine metabolism in the tissues.
In the Gisela 6 rootstock, 0.5 mg L–1 L-arginine
amplified the positive effect of IBA (1 mg L–1) regarding
the rooting percentage from 90 to 100%. These data differ
from those reported for the dwarf apple rootstock P 60,
where 200 mg L–1 L-arginine (200–400 times greater
concentrations than in our experiment) did not affect the
rooting percentage (Orlikowska, 1992). Furthermore, in
the Gisela 6 explants, an analogous relationship was found
between the rooting percentage and IBA concentration
in the presence of constant L-arginine concentration. The
enhancement of the rooting capacity due to L-arginine
could also be ascribed to L-arginine absorption from the
culture medium and its metabolism, producing proteins
rich in L-arginine during DNA transcription. Assimilation
of L-arginine from the nutrient medium was reported in
grape (Vitis vinifera) protoplasts (Theodoropoulos and
Roubelakis-Angelakis, 1989).
In the Gisela 6 rootstock, IBA, irrespective of
concentration, alone and in combination with L-arginine
did not substantially influence leaf chlorophyll content.
Instead, in the CAB-6P explants, the integration of
L-arginine, regardless of its concentration, exerted a
significant inhibitory effect on leaf chlorophyll content.
Our findings disagree with those reported by Indrayanto
et al. (1995) for potato explants and by Yagi and AlAbdulkareem (2006) in Eruca sativa Mill shoots, as
they found that L-arginine significantly increased leaf
chlorophyll content. According to Delgado et al. (1994), in
winter wheat leaves the decrease in amino acid endogenous
levels resulted in nitrogen deficiency, which in turn led to
a decrease in leaf chlorophyll content. Another possible
explanation for the inhibitory effect of L-arginine on
chlorophyll content in the present study is that L-arginine,
as the precursor of PAs, might accelerate the destruction
of chlorophylls and/or decrease their biosynthesis or
disorganize the thylakoid membrane.

According to Delgado et al. (1994), the addition
of amino acids to the culture medium, as a source of
organic N, increases leaf chlorophyll concentration and
photosynthetic activities. In the CAB-6P explants, IBA,
minus L-arginine, increased leaf chlorophyll content
dry weight compared to the control. Similar results were
obtained by El-Shraiy and Hegazi (2009), who found that
the chlorophyll concentration of Pisum sativum leaves was
increased in comparison to the control with 500 and 1000
mg L–1 IBA.
According to Αhkami et al. (2008), a relationship exists
among carbohydrate concentration, photosynthesis, and
root number. The same authors claimed that carbohydrates
participate in root formation, as carbohydrate
accumulation was observed during the rooting process.
In the CAB-6P rootstock, low L-arginine concentration in
combination only with low IBA concentration increased
total leaf carbohydrate concentration. According to
Abdul Qados (2009), the application of L-arginine (1.25–
5 mM) in wheat plants increased the content of total
soluble sugars and total carbohydrates only at the lower
concentration of 1.25 mM. Moreover, in the wheat variety
Giza 168, L-arginine (1.25–2.5 mM) increased the content
of total carbohydrates (Mostafa et al., 2010). In both
rootstocks, the total carbohydrate concentration in roots
was greatest with the combination of the highest IBA and
the lowest L-arginine concentration. The higher content of
carbohydrates in roots than in leaves in both rootstocks,
but especially in Gisela 6, may be ascribed to inhibition
of the carbohydrate transport from the leaves to the roots
and to their metabolism in the roots to other compounds,
or to their consumption during aerobic respiration. The
same explanation was proposed by Agulló-Antón et al.
(2008), who found that in carnation cuttings (Dianthus
caryophyllus) carbohydrates were transported from the
leaves to the stem and accumulated there. However, in the
CAB-6P and Gisela 6 explants, the maximum level of leaf
carbohydrates was accompanied by low chlorophyll level.
These findings disagree with those of Klopotek et al. (2008),
who found that in Pelargonium, low leaf carbohydrate
levels were associated with low photosynthetic rates and
therefore with low leaf chlorophyll concentrations.
In the CAB-6P rootstock, IBA with or without
L-arginine decreased proline content in roots. In contrast,
L-arginine increased proline content in rice leaves (Chen
and Kao, 1993), in grape roots (Kesba, 2005), in wheat
(Abdul Qados, 2009), and in maize plants (Camara et al.,
1998). Moreover, L-arginine increased sugar and proline
content in mung bean plants under saline and nonsaline
irrigation (Abdul Qados, 2010). Abd El-Monem (2007),
El-Bassiouny et al. (2008), and Hassanein et al. (2008)
indicated that L-arginine was the most effective compound
in increasing the sugar and proline content of wheat plants
and grains under normal or stressed conditions.

894

https://testdrive1.bepress.com/tubitak-journal/vol38/iss6/13
DOI: 10.3906/tar-1402-60

8

SARROPOULOU et al.: L-arginine impact on cherry rootstock rooting and biochemical cha
SARROPOULOU et al. / Turk J Agric For
The decrease of proline concentration in the roots
of the CAB-6P explants due to L-arginine application in
the culture medium containing IBA could be ascribed to
inhibition of the proline transport to the roots, and also to
their metabolism in roots to other substances or to their
consumption during aerobic respiration. The depleted
levels of proline in roots indicate that the explants activate
a mechanism of osmoregulation and osmotic adjustment
due to the stress induced by the incorporation of L-arginine
in the culture medium. In the Gisela 6 rootstock, the
increase of the endogenous proline concentration in roots
is the result of the conversion of an amino acid to another,
causing oxidative, osmotic, or other possible stresses to
the explants without, however, showing toxicity symptoms
(Thorpe, 1993). Thus, the mechanism of osmoregulation
in both cherry rootstocks is located only in roots and not
in leaves.
Each rootstock requires a different auxin concentration
in order to achieve similar values in different rooting
characteristics and has a different optimal concentration
below or above, in which inhibition of rooting is observed.
According to Hartmann et al. (1997), IBA concentration
below optimum inhibits the activity of the free
endogenous IAA due to increased activity of IAA oxidase,
leading to a decrease in the number of root meristemoids.
Similarly, high IBA concentrations above the optimum
cause inhibition of root primordia development. The
optimum IBA concentration in the absence of L-arginine
that resulted in the greatest root length was 1 mg L–1 in
both cherry rootstocks and 0.5 mg L–1 in the avocado
cultivar Fuerte (Zulfiqar et al., 2009). The optimum IBA
concentration is a prerequisite for enzyme activation,
which causes cell wall loosening and extension as well as
increase of root length (Hasnat et al., 2007).
Paschalidis and Roubelakis-Angelakis (2005) reported
that L-arginine, as the precursor of PAs, is correlated with
cell division, expansion, differentiation, and development
in tobacco plants. Couée et al. (2004) indicated that the
stimulation of root growth and development by PAs and
consequently by L-arginine may be related to increased
ethylene synthesis. In both cherry rootstocks, an
inhibitory effect of IBA on root length was observed and
the reasons behind this inhibition have been explained by
several researchers. According to Machakova et al. (2008),
auxins are required mostly in the induction phase and the
initiation of root formation. It is often likely to lead to a
reduction in root length due to reduced cell volume.
The beneficial effect of auxin in rooting may be the
result of the increase of ethylene synthesis stimulating the
induction of adventitious roots (Gonzalez et al., 1991). The
different response of the 2 rootstocks to the exogenous
application of IBA and therefore their differences in
rooting ability may be the result of differences in the levels
of the endogenous auxin IAA (Le, 1985), auxin metabolism

(James and Thurnbon, 1981a, 1981b; James, 1983b), or
sensitivity of cells, targets of the auxin (James, 1983a).
It may also be the result of the conversion of the IBA
exogenously applied to IAA, as demonstrated by Epstein
and Lavee (1984) in olive (Olea europaea) and in stem
cuttings of grapevine (Vitis vinifera). Another explanation
according to James (1983b) may be the different rates of
metabolism and degradation of the applied auxin IBA.
However, we cannot anticipate the possibility that IBA
can be transformed into another compound at a similar
rate in both rootstocks. According to Alvarez et al. (1989),
in the apple rootstock M 26, higher levels of endogenous
free IAA were detected than in the rootstock M 9, and they
speculated that this was because rootstock M 9 complexes a
higher percentage of newly converted IAA than does M 26.
The function of proline in stressed plants is often
explained by its property as an osmolyte (Saradhi et al.,
1995). In addition, other positive roles of proline under
stress have been ascribed, which include stabilization
of proteins (Anjum et al., 2000), scavenging of hydroxyl
radicals (Smirnoff and Cumbes, 1989), regulation of the
cytosolic pH (Venekamp, 1989), and regulation of NAD/
NADH ratio (Alia and Saraldi, 1993). All stresses induce
the production of reactive oxygen species, especially singlet
oxygen and free radicals, which are known to break DNA
(Wei et al., 1998) and destroy the function of proteins and
are responsible for lipid peroxidation (Heath and Packer,
1968). Thus, proline accumulation is not just a sign of
cellular injury resulting in response to stress but is also a
marker of stress tolerance having a definite osmoregulatory
role in plants subjected to stressful conditions (Jabeen et
al., 2008). Proline may be overproduced only when the
degree of stress reaches a critical point for plant growth.
The synthesis of osmosensors (proline, betaine, and
reducing sugars) is biologically very important for the
detection, tolerance, and adaptation of the plants against
specific stresses (Haq et al., 2011).
It is worth mentioning that the amino acid L-arginine
has a direct effect on in vitro rooting of the CAB-6P
and Gisela 6 explants. Furthermore, it is clear that it is
involved in the photosynthetic apparatus, influencing leaf
chlorophyll content, and participating in carbohydrate
biosynthesis and metabolism as well as in proline
accumulation in both leaves and roots.
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